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U
sing a 1DVAR retrieval algorithm

, w
e exam

ined 5 years of GPM
 data for sensitivity to accum

ulated rain and snow
. O

ur 
analysis revealed significant correlation to accum

ulated rain at the low
er frequencies in m

any regions and significant 
correlation to snow

pack at the higher frequencies, show
ing the potential use of passive/active m

icrow
ave 

observations for m
onitoring accum

ulated as w
ell as falling precipitation.
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Technical D
escription of Figures:

G
raphic 1 (top and center right): The difference in em

issivity at 10.65 G
H

z horizontal polarization (left) and K
u-band backscatter cross-section 

(right) betw
een observations w

ith > 10m
m

 of rainfall in the previous 24-hour period and observations w
ith no rainfall in the previous 24-hour period 

(rainfall from
 IM

E
R

G
). M

ost regions show
 a decrease in em

issivity and increase in backscatter due to an increase in soil m
oisture.

G
raphic 2 (bottom

 row
):  The difference in em

issivity at 89 G
H

z horizontal polarization (left) and K
a-band backscatter cross-section (right) 

betw
een observations w

ith 10-100m
m

 of snow
 w

ater equivalent and observations w
ith < 1m

m
 snow

 w
ater equivalent (SW

E from
 M

E
R

R
A

-2). 
A

lthough the change in em
issivity is quite variable regionally, the response at K

a band is m
ore uniform

, show
casing the potential use of this 

m
easurem

ent for m
onitoring shallow

 snow
packs.

Scientific significance, societal relevance, and relationships to future m
issions: A

lthough the original purpose of this w
ork w

as to develop 
databases to im

prove the characterization and classification of surface properties in the G
P

M
 Level 2 precipitation algorithm

s, m
any additional 

applications are enabled by this dataset. For exam
ple, the response of the surface to accum

ulated rain and snow
 is highlighted on the previous 

slide, and these relationships are already being used by coauthor YaleiYou to develop a m
ultisatellite

precipitation retrieval based on the change 
in em

issivity. This m
ethod has the advantage of capturing short-lived or rapidly developing precipitation events that m

ay be m
issed in betw

een 
overpasses of m

icrow
ave sensors. In addition, C

R
TM

 developers have inquired about the use of the G
M

I em
issivity atlas in order to evaluate its 

utility in N
W

P
 data assim

ilation system
s. Finally, the sensitivity of the K

a-band backscatter m
ay prove to be com

plem
entary to passive m

icrow
ave 

and S
A

R
 m

ethods for observing a w
ide spectrum

 of snow
packs

in a future SW
E m

ission. 
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Deep Blue Aerosol Layer H
eight from

 VIIRS and O
M

PS-N
M

Jaehw
a

Lee
2,1, N

. Christina H
su

1, and others, 1Code 613, N
ASA/G

SFC and 2U
M

D/ESSIC

An operation-ready Aerosol Single-scattering albedo and Height Estim
ation (ASHE) algorithm

 has 
been im

plem
ented in the VIIRS Deep Blue aerosol algorithm

 suite to provide the height of 
absorbing aerosols from

 synergistic use of VIIRS and O
M

PS, both onboard the S-N
PP satellite. 

W
ith extensive spatial coverage, the data set can contribute to better understanding of the effects 

of aerosol layer height on aerosol radiative effects, long-range transport, and surface air quality. 
The data product w

ill be available as part of the Version 2 VIIRS Deep Blue products in the near 
future. 

Retrieved Aerosol Layer H
eight 

W
ildfire Sm

oke O
bserved by VIIRS
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D
ata Sources: V

IIR
S

 D
eep B

lue aerosol data used in this study are available at https://earthdata.nasa.gov/search?q=viirs+deep+blue; O
M

P
S

 
L1B

 data at https://earthdata.nasa.gov/search?q=om
ps+l1b. This research w

as funded by N
A

S
A

’s Terra, A
qua, and S

uom
i N

P
P

 program
.

Technical D
escription of Figures:

G
raphic: A

S
H

E
 algorithm

, as part of D
eep B

lue aerosol algorithm
 suite, sim

ultaneously retrieves the height and single scattering albedo (S
S

A
) of 

absorbing aerosols, such as biom
ass burning sm

oke and m
ineral dust, using co-located 412 nm

 top-of-atm
osphere reflectance from

 V
IIR

S
 and 

ultraviolet aerosol index from
 O

M
P

S
-N

M
. Figures show

 an exam
ple of A

S
H

E
 applied to a N

orth A
m

erican w
ildfire sm

oke event observed on 10 
A

ugust 2018 from
 S

uom
i N

P
P

 satellite. The sm
oke layers across the continent m

ainly originated from
 m

ultiple fire sources in the m
ountainous 

regions of B
ritish C

olum
bia, C

anada, and persisted for w
eeks. The peak A

O
D

 at 550 nm
 of the sm

oke layers w
as higher than 3.0 over vast areas. 

R
etrieved aerosol layer height (A

LH
) from

 A
S

H
E

 suggests that significant portions of the sm
oke plum

es w
ere injected into the free troposphere 

(A
LH

 > 3–8 km
), enabling long-range transport stretching thousands of kilom

eters. V
alidation of the A

LH
 product over N

orth A
m

erica against 
C

A
LIO

P
 during peak burning seasons from

 2012-2018 (not show
n) resulted in 61%

 (90%
) of data falling w

ithin ±
1 km

 (±
1.5 km

) of those from
 

C
A

LIO
P

, indicating the robustness of the algorithm
.

Scientific significance, societal relevance, and relationships to future m
issions: S

ince the interactions betw
een aerosols, radiation, clouds, 

and precipitation, w
hich have m

yriad im
plications for E

arth’s clim
ate system

, take place in 3-D
 space, inform

ation on the vertical structure of 
aerosols (in addition to their horizontal distribution) is essential for better quantification of the radiative effects of aerosols. Thus, retrievals of the 
height inform

ation from
 satellite sensors have been of great interest. C

A
LIO

P
 and M

IS
R

 m
issions have successfully served the scientific 

com
m

unity on this m
atter. H

ow
ever, w

ith sw
ath w

idths of 70 m
 for C

A
LIO

P
 and 360 km

 for M
IS

R
, spatial coverages of those instrum

ents are 
som

ew
hat lim

ited. The new
 data product from

 synergistic use of V
IIR

S
 and O

M
P

S
 can thus com

plem
ent the existing data sets. This synergy can 

continue w
ith the current JP

S
S

 m
ission (continued V

IIR
S

 and O
M

P
S

 instrum
ents) and planned P

A
C

E
 m

ission (O
C

I instrum
ent equipped w

ith 
required spectral bands in a single sensor). 
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O
bservational studies of stratospheric ozone often involve data from

 m
ultiple instrum

ents m
easuring at different tim

es 
of day. O

zone diurnal variability is largest in the m
esosphere, and the sm

aller stratospheric signal w
as often ignored 

because a full characterization of the diurnal cycle w
as not available. W

e present a clim
atological representation of 

diurnal variations in ozone, based on N
A

S
A G

S
FC

’s G
E

O
S

-G
M

I m
odel, for use in a variety of data analysis tasks. 

G
EO

S G
M

I-based C
lim

atology of D
iurnal Variability in Stratospheric O

zone to 
R

educe U
ncertainty in M

ulti-Satellite D
ata R

ecords
Stacey Frith (C

ode 614, N
ASA

/G
SFC

 and SSAI), P. K
. B

hartia (N
ASA

/G
SFC

), Luke O
m

an (N
ASA

/G
FSC

), N
atalya K

ram
arova 

(N
ASA

/G
FSC

), R
ichard M

cPeters (N
ASA

/G
FSC

), G
ordon Labow

 (N
ASA

/G
FSC

 and SSAI) 

D
iurnal O

zone Variability is 
strongest at polar latitudes in 

sum
m

er;  > 10%
 daily variability in 

the stratosphere

Dec-Jan-Feb
M

ar-Apr-M
ay

Jun-Jul-Aug
Sep-O

ct-N
ov

R
atio to 

M
idnight O

zone

D
iurnal signals are sm

aller at low
 and m

id-
latitudes, but they still play a significant role 
in data analysis, as seen in the SB

U
V ozone 

tim
e series com

parisons on the right.

Individual SB
U

V instrum
ents overlap, but they 

m
easure ozone at different local solar tim

es

D
aily variations ~ 5%

Agreem
ent am

ong SB
U

V instrum
ents im

proves after 
accounting for the diurnal ozone cycle

10
o-15

oS zonal m
ean ozone anom

alies [%
], 6.39-4.03 hPa

O
zone anom

alies adjusted to com
m

on tim
e (13:30)

M
ean = 16 DU

; ___N
O

AA16, ___N
O

AA17, ___N
O

AA18, ___N
O

AA19
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D
ata Sources: 

The diurnal clim
atology presented in this w

ork is based on output from
 the N

ASA G
M

AO
 Version 5 G

EO
S general circulation m

odel, G
EO

S-5 (M
olod et al., 2015), coupled w

ith the N
ASA 

G
lobal M

odeling Initiative (G
M

I) chem
istry package (Strahan et al., 2007; O

m
an et al., 2013; N

ielsen et al., 2017), know
n as G

EO
S-G

M
I. The G

E
O

S-G
M

I diurnal ozone clim
atology is stored 

as a N
etC

D
F file and is available for dow

nload on our local N
ASA G

oddard C
ode 614 TO

M
S access site https://acd-ext.gsfc.nasa.gov/anonftp/tom

s/(N
ASA G

oddard Atm
ospheric C

hem
istry 

and D
ynam

ics (C
ode 614) Scientific/Technical Inform

ation, 2020) under subdirectory G
D

O
C

_diurnal. Also available from
 this site are the SBU

V/2 data (subdirectory sbuv) and O
M

PS N
P data 

(subdirectory om
ps_np). These data are also accessible via links from

 the M
erged O

zone D
ata Set (M

O
D

) w
ebsite at https://acd-ext.gsfc.nasa.gov/D

ata_services/m
erged/instrum

ents.htm
l

(N
ASA G

oddard, 2020). Thought not show
n here, several additional sources of N

ASA data are used in the referenced paper. O
M

PS LP and N
P data as w

ell as U
AR

S and Aura M
LS data are 

archived at the N
ASA G

oddard Earth Sciences D
ata and Inform

ation Services C
enter (G

ES
-D

ISC
) (https://disc.gsfc.nasa.gov, N

ASA G
oddard Earth Sciences D

ata and Inform
ation Services 

C
enter, 2019). SAG

E
III/ISS data are available from

 the N
ASA Langley Atm

ospheric Science D
ata C

enter (ASD
C

; https://eosw
eb.larc.nasa.gov/project/sageiii-iss/sageiii-iss_table, N

ASA 
Langley Atm

ospheric Science D
ata C

enter, 2019). Additional m
odel output from

 the current G
EO

S
-G

M
I sim

ulation is available for collaborators upon request (Luke
D

.O
m

an; 
luke.d.om

an@
nasa.gov). R

eferences listed in this section can be found w
ithin the above referenced paper. 

Technical D
escription of Figures:

G
raphic 1 (left): This figure show

s clim
atological ozone variability as a function of hour of day and pressure for the m

onth of June in the zonal band 65-70°N
, near the polar day boundary. 

The ozone value at each hour is expressed relative to the ozone value at m
idnight, in units of percent. D

iurnal ozone variability is largest in the stratosphere at the polar day boundary. The 
clim

atology, based on the N
ASA G

oddard C
ode 614/G

M
AO

 G
EO

S
-G

M
I m

odel, show
s a pattern of low

 ozone in the m
orning and high ozone in the afternoon, consistent w

ith other m
odel-

and observation-based analyses of the ozone diurnal cycle. 

G
raphic 2 (center): This figure show

s the m
ean diurnal ozone cycle in the southern hem

isphere subtropics at 5 hPa. H
ere the signal is m

uch sm
aller, but w

ith the sam
e hourly pattern of 

low
er ozone in the m

orning and higher ozone in the afternoon. The four lines show
 the diurnal ozone variation for four seasons. Although these variations are sm

all, im
proved satellite 

m
easurem

ents m
ake these signals relevant to data analysis. 

G
raphic 3 (right): The N

ASA/N
O

AA SBU
V series of instrum

ents have flow
n on ten satellite platform

s that com
bined cover the tim

e period from
 early

1970 to the present, w
ith continuous 

coverage since late 1978. To study long-term
 ozone in the atm

osphere, w
e com

bine these records to construct a single tim
e series

for analysis. In doing so w
e m

ust ensure the stability of 
each instrum

ent and consistency from
 instrum

ent to instrum
ent. H

ow
ever, different SBU

V satellite platform
s operated from

 different orbits, such that m
easurem

ents w
ere taken at different 

tim
es of day. This figure dem

onstrates how
 using the diurnal ozone clim

atology to account for the difference in m
easurem

ent tim
e

can reduce apparent differences in the data records that 
m

ight otherw
ise be m

istaken for calibration or instrum
ent errors. 

Scientific significance, societal relevance, and relationships to future m
issions: The prim

ary goal of this w
ork w

as to further our analysis of long-term
 trends in stratospheric ozone 

and our understanding of the chem
ical com

position of the stratosphere. The clim
atology produced in this study can be used to support any num

ber of instrum
ent validation studies, 

m
odeling efforts and long-term

 constituent analyses. The C
lean Air Act Am

endm
ents of 1977, Public Law

 95-95, m
andates that N

ASA and other key agencies subm
it biennial reports to 

C
ongress and EPA on the state of our know

ledge of the upper atm
osphere, particularly the stratosphere.
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